In pigs, medium-sized follicles (3\p=n-\6 mm in diameter), lost during preovulatory maturation, are rapidly replenished after ovulation, increasing tenfold in number between day 3 and day 8 of the oestrous cycle. The incidence of atresia in medium-sized follicles was previously found to increase between day 5 and day 7 after the onset of oestrus (day 0). This study was conducted to determine whether changes in concentrations of insulin-like growth factor binding proteins (IGFBPs) in pig follicular fluid from medium-sized follicles were related to increased incidence of atresia. Individual follicles were isolated on days 5, 6 and synergizes with epidermal growth factor to increase DNA synthesis and cell replication (May et al, 1988 
Introduction
An increasing body of evidence supports a regulatory role for insulin-like growth factor I (IGF-I) and IGF-binding proteins (IGFBPs) in follicular growth and development (Adashi et al, 1989; Hammond et al, 1993) . IGF-I is produced in cultured pig granulosa cells and its synthesis is stimulated by factors such as FSH, growth hormone and oestradiol. IGF-I augments FSHmediated steroidogenesis in porcine granulosa cells in vitro and synergizes with epidermal growth factor to increase DNA synthesis and cell replication (May et al, 1988) . Changes in concentration of IGF-I and expression of mRNA encoding IGF-I in the follicular fluid during the follicular phase of pigs indicate that IGF-I may be involved in or linked to the process of selection and growth of ovulatory follicles .
IGFBPs, present in ovarian follicular fluid (Mondschein et al, 1991) and synthesized by cultured granulosa cells (Mondschein et al, 1990) , are important in follicle development because they have the potential to antagonize the action of IGF-I and determine whether a follicle becomes preovulatory or atretic during the follicular phase of the oestrous cycle. Factors regulating atresia at the ovary are unknown, but IGFBP-2 and effects on follicular development (Bicsak et al, 1991; Chun et al, 1994) and granulosa cell function (Ui et al, 1989; Bicsak et al, 1990; Adashi et al, 1990a; Monget et al, 1993) (Foxcroft and Hunter, 1985) and their growth remains depressed until after ovulation (Guthrie el al, 1995) . After ovulation, follicular growth resumes and the number of medium-sized follicles increases by ten times between day 3 and day 8 of the oestrous cycle (day 0 = first day of oestrus) (Clark et al, 1975 (Clark et al, 1975) . On the basis of the hypothesis that follicles in the first wave of growth after ovulation undergo atresia, follicles recovered on days 5, 6 and 7 after the onset of oestrus were examined and it was found that the incidence of atresia in medium-sized porcine follicles did increase between day 5 and day 7 (Guthrie et al, 1995 (Mondschein et al, 1990) or immunoblotting (Grimes et al, 1994a (1994, 1995) .
Statistical analyses
Data regression and analysis of variance were performed on data from the 27 follicles (SAS, 1987) . Owing to the increased proportion of atretic follicles between day 5 (1 of 10) and day 7 (6 of 9), effects of day and follicle health class (atretic or healthy) were analysed separately. Comparisons among day means were by Duncan's multiple-range test.
Results
The relationships between day of the cycle, follicular health class, and steroid concentrations in follicular fluid were pre¬ viously examined for the full set of 113 follicles (Guthrie et al, 1995) . The present study of 27 randomly selected follicles examined the relationship between these parameters and con¬ centrations of IGFBP-2 and -3 in follicular fluid. Previously the incidence of atretic follicles (those with > 10% A0 cells) per gilt increased from 6% on day 5 to 50% on day 7 (Guthrie et al, 1995) . The number of atretic follicles used in the study reported here reflected these proportions with 1 of 10, 3 of 8, and 6 of 9 follicles classified as atretic on days 5, 6, and 7, respectively.
The percentage of A0 cells per follicle was used as an indicator of atresia. The percentage of A0 cells increased (P < 0.01) (Fig. la) (Fig. 2a) , while the concentration of IGFBP-3 did not differ significantly among days (Fig. 2b) . (Guthrie et al, 1995) . However, by day 7 after oestrus, most medium-sized follicles appear to undergo atresia as indicated by a high incidence of granulosa cell DNA fragmentation (apoptosis), morphology of freshly isolated granulosa cells, and low oestradiol production in vivo (Guthrie et al, 1995) .
In the present study, the higher concentration of IGFBP-2 in fluid from atretic follicles compared with healthy follicles, indicates a physiological regulation of IGFBP-2 synthesis during atresia. The concentration of IGFBP-2 correlated posi¬ tively with the percentage of A0 granulosa cells in the present study and in our previous study of follicular atresia during preovulatory follicle maturation in pigs (Grimes et al, 1994b ).
This strong correlation indicates that apoptotic cell death of granulosa cells is a function of changes in the relative amounts of IGFs and IGFBP-2. The concentration of IGFBP-2 was also found to be increased in the fluid of atretic follicles of ewes (Monget et al, 1993) , women (Cataldo and Howard and Ford, 1992) , and mRNA encoding IGFBP-2 in the follicle wall decreased during preovulatory follicle maturation. However, in these studies atretic and healthy follicles were not analysed separately. Thus, the higher amount of IGFBP-2 expression in small follicles compared with large, preovulatory follicles may indicate that a greater proportion of the small follicles were atretic (Guthrie et al, , 1994 .
In contrast to IGFBP-2, no evidence of a physiological role for IGFBP-3 in follicular atresia was found in the present study or in our previous study of follicular atresia during preovu¬ latory follicle maturation (Grimes et al, 1994b (Cataldo and Giudice, 1992; San Roman and Magoffin, 1993) , ewes (Monget et al, 1993) , or cows (Echternkamp et al, 1994 tissue (Cohick et al, 1993; Taylor et al, 1993) , or from serum .
In the present study, (Mondschein et al, 1991) as well as in media con¬ ditioned by immature porcine granulosa cells (Grimes et al, 1994a) . These data indicate that the current methods have adequate sensitivity to detect IGFBP-4 and -5. Atretic follicles were found to contain increased amounts of IGFBP-4 in sheep (Monget et al, 1993) , humans (Cataldo and Giudice, 1992) and cows (Echternkamp et al, 1994) . In rats, the amount of mRNA encoding IGFBP-4 was high in atretic compared with healthy follicles (Erickson et al, 1992 Tsafriri and Braw, 1984 (Guthrie et al, 1987 (Guthrie et al, , 1988 . Atresia among non-ovulatory follicles, coincident with growth and maturation of the ovulatory cohort of follicles, is accompanied by decreased circulating concentrations of FSH (Guthrie et al, , 1994 . The growth of medium-sized follicles after ovu¬ lation may be a result of the secondary surge of FSH secretion (periovulatory FSH surge) that reaches a maximum on days 2 and 3 of the oestrous cycle (Guthrie and Bolt, 1985) . Increased atresia in follicles on day 7 in the present study may be a result of a decline in circulating concentrations of FSH following the periovulatory surge of FSH (Guthrie and Bolt, 1985) .
The well-established effects of FSH on the granulosa cell IGF system, stimulatory for IGF-I (Adashi et al, 1989; Hammond et al, 1993) and inhibitory for IGFBP production in vitro (Adashi et al, 1990b; Grimes et al, 1992) 
